Introduction
============

Influenza is known to be associated with neurological complications, such as seizures, encephalopathy and Guillain-Barré syndrome.[@dyx149-B1]^,^[@dyx149-B2] Influenza and other infectious agents which trigger either acute inflammation or an immunological response may cause encephalitis after a lag period.[@dyx149-B3]

Influenza-associated encephalopathy has been reported in several studies.[@dyx149-B1]^,^[@dyx149-B4] Some studies have compared the risk of acute encephalopathy following the 2009 influenza pandemic season with seasonal influenza,[@dyx149-B6]^,^[@dyx149-B7] and others have focused on influenza-associated encephalopathy after infection during the pandemic season in 2009.[@dyx149-B1]

Encephalitis is a rare disease. To our knowledge, previous studies on the association of influenza infection and encephalitis have mainly been limited to case reports.[@dyx149-B9] Few studies have been population-based.[@dyx149-B1]^,^[@dyx149-B4]^,^[@dyx149-B5] In Norway, national health databases provide dates of hospital diagnoses, seasonal influenza (seasons other than the 2009 main pandemic wave) and influenza diagnosis during the 2009 main pandemic wave in primary care, and A(H1N1)pdm09 vaccines for the entire population. Data from these registries are linked on an individual level, and information includes dates of influenza and encephalitis diagnoses for all residents in Norway during 2008--14. Using such data enabled us to study the occurrence of encephalitis in more detail than has been possible earlier. Our main aim was to assess the association between the seasonal influenza or influenza during the 2009 main pandemic wave \[A(H1N1)pdm09 influenza\] and risk of encephalitis. Furthermore, we explored whether there was an increased risk after A(H1N1)pdm09 vaccine.

Methods
=======

Our study cohort included the entire Norwegian population as registered in the National Registry during 2008--14 (*N* = 5 210 519). The National Registry holds demographic information (date of birth, place of residence, date of emigration or death etc.) based on the unique 11-digit personal identification number (PIN) provided to all Norwegian residents.

The study was approved by the Regional Committee for Medical and Health Research Ethics, South-East Region, Norway.

Data sources
------------

The PIN enabled us to link data from national health registries and databases. The Norwegian Patient Registry (NPR)[@dyx149-B15] is an administrative database covering all Norwegian hospitals. Reporting of data on hospitalizations and outpatient visits is mandatory and linked to the reimbursement system. The NPR provided data on hospitalizations with encephalitis \[International Classification of Diseases, Version 10 (ICD-10): A86, A87.9, A89, G03.9, G04.0, G04.8 and G04.9\] and influenza (ICD-10 codes: J09, J10, and J11) during 2008--14.

The Norwegian Directorate of Health reimburses consultations in emergency outpatient clinics and general practice, for which reporting includes date of consultation and the diagnostic code(s) using the International Classification of Primary Care, Second Edition (ICPC-2). Dates of physician consultations were used for those individuals receiving an influenza diagnosis \[ICPC-2 code R80 ('influenza-like illness')\]. The criteria for receiving a diagnosis with R80 code are muscle pains and cough with no abnormal findings on examination of the airway other than inflammation of the nasal mucosa and throat. In addition, three or more of the following symptoms must be present: rapid onset (within 12 h), chills/fever, fatigue, influenza in the community, ongoing influenza epidemic or confirmed influenza virus infection by culture or serology.[@dyx149-B16]

The Norwegian Surveillance System for Communicable Diseases, which is a nationwide registry for surveillance of infectious diseases,[@dyx149-B17] provided dates of laboratory-confirmed influenza A(H1N1)pdm09 infection. Reporting to this registry was mandatory for positive influenza A (H1N1)pdm09 tests only during the 2009 main pandemic wave.

Influenza was defined as registration of the ICPC-2 code R80 ('influenza-like illness'), ICD-10 codes J09, J10 and J11, and/or laboratory-confirmed influenza A(H1N1)pdm09. The dates of A(H1N1)pdm09 vaccinations (Pandemrix^®^) from late 2009 through 2014 were obtained from the Norwegian Immunization Registry.[@dyx149-B18] In Norway, the Pandemrix^®^ (GlaxoSmithKline) vaccine was offered to the general population free of charge during the 2009 main pandemic wave. Registration of A(H1N1)pdm09 vaccinations was mandatory. The vaccination campaign began on 19 October 2009, and more than 97% of the A(H1N1)pdm09 vaccines were administered before31 December 2009.

Case definition of encephalitis
-------------------------------

We aimed to study the risk of encephalitis after recent influenza. Only diagnostic codes that are likely to be used with viral encephalitis were included, and encephalitis diagnoses with other known agents were excluded. We included the following ICD-10 codes in the case definition of encephalitis: A86: Unspecified viral encephalitis;A87.9: Viral meningitis, unspecified;A89: Unspecified viral infection of the central nervous system;G03.9: Meningitis, unspecified;G04.0: Acute disseminated encephalitis and encephalomyelitis (ADEM);G04.8: Other encephalitis, myelitis and encephalomyelitis;G04.9:  Encephalitis, myelitis and encephalomyelitis, unspecified.Due to the rare occurrence of each diagnosis, and since they all may be used for both encephalitis and meningitis triggered or caused by influenza, any of the ICD-10 codes above defined an individual as an encephalitis case. Only the dates of hospitalizations with acute encephalitis (obtained from the NPR) were considered, and all follow-up visits were disregarded. There were no cases of with ICD-10 code A87.8 or G05.1 (with or without combination with influenza ICD-10 codes J10.8/J11.8/J09).

Influenza seasons
-----------------

We defined the respective peak periods of seven influenza seasons in 2008--14 in Norway based on the Norwegian Institute of Public Health's influenza surveillance. In Norway, the main pandemic influenza wave occurred between 1 October and 31 December 2009.[@dyx149-B16] Details of each peak period are summarized in [Table 1](#dyx149-T1){ref-type="table"}. Table 1Peak periods of influenza seasons in Norway (2008--14) based on influenza surveillance by the Norwegian Institute of Public HealthInfluenza seasonDateSeason 101.02.2008--13.03.2008Season 226.12.2008--26.02.2009Season 3[^a^](#tblfn1){ref-type="table-fn"}01.10.2009--31.12.2009Season 417.12.2010--03.03.2011Season 527.01.2012--22.03.2012Season 614.12.2012--14.03.2013Season 725.01.2014--11.04.2014[^1]

Statistical analysis
--------------------

We estimated the risk of encephalitis (following individuals diagnosed with influenza or receiving the A(H1N1)pdm09 vaccination) by conducting six separate analyses with different risk windows (0--7, 0--14, 0--30, 0--60, 0--90 and 0--180 days).

Cox proportional hazard regression models were applied, with the number of days since the start of the study (1 January 2008) as the time metric. Exposure to influenza (ICPC-2 code R80, laboratory-confirmed influenza A (H1N1) diagnosis, or ICD-10 codes J09, J10 and J11), overall or during the respective peak periods of the influenza seasons during 2008--14, and exposure to the A(H1N1)pdm09 vaccine, were treated as binary time-varying variables. An individual was considered as exposed from the date of influenza/A(H1N1)pdm09 vaccination through the length of the risk window in question. All models were adjusted for sex and year of birth (dichotomized as \<1980 or ≥1980). For each risk window, we estimated crude and adjusted hazard ratios (HRs) of encephalitis, with associated 95% confidence intervals (CIs), after influenza and A(H1N1)pdm09 vaccination. Individuals were followed from the start of the study or from birth, whichever occurred latest, until hospitalization with acute encephalitis, death, emigration or the end of study on 31 December 2014, whichever occurred first.

Four approaches were used to estimate the HR of encephalitis after a diagnosis of influenza. First, the overall HR of encephalitis following a diagnosis of influenza was estimated, disregarding whether or not the diagnosis occurred during the peak period of any influenza seasons. Second, we estimated the HR of encephalitis after a diagnosis of influenza during the peak period of each influenza season under study. Six separate analyses for each risk window were fitted and, in each analysis, variables indicating diagnosis during all seven seasons were included simultaneously. Third, we considered an individual exposed to seasonal influenza if the diagnoses occurred during the peak of the influenza seasons except the 2009 main pandemic wave. We compared the risk of encephalitis after diagnosis with seasonal influenza with the risk after influenza during the 2009 main pandemic wave. Fourth, we applied a model restricted to influenza during the 2009 main pandemic wave, in which we also included the A(H1N1)pdm09 vaccine as an exposure, since reliable vaccination data were available only for this season. In the latter approach, indicators of influenza during the 2009 main pandemic and the A(H1N1)pdm09 vaccine were included simultaneously as time-varying variables in the adjusted model.

In addition, we performed a sensitivity analysis with a stricter definition of encephalitis, ignoring ICD-10 codes related to unspecified meningitis (A87.9 and G03.9) and ADEM (G04.0). All analyses were performed using the Stata 14 software (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP.).

Results
=======

During 2008--14, 2793 individuals were registered with a diagnosis with acute encephalitis in Norway. The mean age at diagnosis was 39.4 years (standard deviation: 23.2 years), with a similar occurrence in males and females ([Table 2](#dyx149-T2){ref-type="table"}). The crude overall incidence rate of encephalitis was 8.3 per 100 000 person-years. A total of 5 210 519 individuals were eligible for the analysis. Table 2Characteristics of the study sample comprising the entire Norwegian population during 2008--14All individuals[^a^](#tblfn2){ref-type="table-fn"}Individuals with influenzaCases of encephalitisOverall[^b^](#tblfn3){ref-type="table-fn"}Peak periods of influenza seasonsNumberPercentageNumberPercentageNumberPercentageNumberPercentageTotal521051910068417213.13598596.927930.1 Sex Male260352350.031143812.01623066.214410.1Female260799650.037273414.31975537.613520.1Year of birth \<1980307972159.140485113.21996006.516830.1 ≥1980213079840.927932113.11602597.511100.1[^2][^3]

Overall
-------

The proportion of the Norwegian population hospitalized with acute encephalitis during 2008--14 was 0.1 % ([Table 2](#dyx149-T2){ref-type="table"}). [Table 3](#dyx149-T3){ref-type="table"} displays the number of encephalitis cases among individuals with and without influenza in the period 2008--14, for the different risk windows. The risk of encephalitis following influenza was elevated for all risk windows; however, the HR decreased as the length of the risk window increased ([Figure 1](#dyx149-F1){ref-type="fig"}). The adjusted HR of encephalitis for influenza was 47.7 (95% CI: 35.7--63.6) using a risk window of 7 days,and the adjusted HR using a 180-day risk window was 3.8 (95% CI: 3.1--4.7). Table 3Number of encephalitis cases according to status of influenza (regardless of season) for different risk windows, based on the entire Norwegian population with follow-up in 2008--14Risk windowExposureEncephalitis cases0--7 daysInfluenzaNo2741Yes480--14 daysInfluenzaNo2732Yes570--30 daysInfluenzaNo2723Yes660--60 daysInfluenzaNo2712Yes770--90 daysInfluenzaNo2707Yes820--180 daysInfluenzaNo2691Yes98

![Adjusted hazard ratios (HRs) of encephalitis, with 95% confidence intervals (CIs), for overall influenza, seasonal influenza and influenza during the 2009 main pandemic wave (pandemic influenza), respectively, for different risk windows, using Cox proportional-hazards regression based on the Norwegian population with follow-up in 2008--14. Separate analyses were conducted for each risk window: 0**--**7 days, 0**--**14 days, 0**--**30 days, 0**--**60 days, 0**--**90 days and 0**--**180 days. All estimates have been adjusted for sex and year of birth (\<1980 or ≥1980). The estimates corresponding to the 2009 main pandemic wave (pandemic influenza) were adjusted in addition for A(H1N1)pdm09 vaccine. The horizontal dashed black line indicates HR equal to 1.](dyx149f1){#dyx149-F1}

Approximately half of the cases had ICD-10 codes related to unspecified meningitis and ADEM. However, when these codes were excluded from the case definition of encephalitis in our sensitivity analysis, the results were similar to those from the main analysis, although the point estimates were reduced. The adjusted HR from the sensitivity analysis was 31.74 (95% CI: 20.33--49.54).

Influenza seasons
-----------------

There was an increased risk of encephalitis after influenza during the peak period of influenza seasons ([Figure 2](#dyx149-F2){ref-type="fig"}). Detailed results for all seasons and risk windows are presented in [Supplementary Table 1](#sup1){ref-type="supplementary-material"}, available as [Supplementary data](#sup1){ref-type="supplementary-material"} at *IJE* online. In the early 2008 season, the adjusted HR using a 7-day risk window was 92.2 (95% CI: 28.6--296.7) and the adjusted HR for influenza during the 2009 main pandemic wave using a 7-day risk window was 30.2 (95% CI: 10.9--83.7). Similarly to the overall estimates, the HR of encephalitis when using all influenza seasons except the 2009 main pandemic wave as exposure decreased with increasing length of the risk window in separate analyses ([Figure 1](#dyx149-F1){ref-type="fig"}).

![Adjusted hazard ratios (HRs) of encephalitis with associated 95% confidence intervals (CIs) for influenza during seven influenza seasons, for different risk windows, using Cox proportional hazards regression based on the Norwegian population with follow-up in 2008--14. Separate analyses were conducted for each risk window: 0--7 days, 0--14 days, 0--30 days, 0--60 days, 0--90 days and 0--180 days. All estimates have been adjusted for sex and year of birth (\<1980 or ≥1980). Season 3 is the 2009 main pandemic wave. The horizontal dashed black line indicates HR equal to 1.](dyx149f2){#dyx149-F2}

Seasonal versus pandemic influenza
----------------------------------

In order to compare seasonal and pandemic influenza, we estimated the HR of encephalitis for seasonal influenza, including individuals with influenza during the 2009 main pandemic wave as the reference group. For a 7-day risk window, the adjusted HR of encephalitis after the seasonal influenza compared with influenza during the 2009 main pandemic wave was 1.3 (95% CI: 0.4--4.3). The differences between influenza during the 2009 main pandemic wave and seasonal influenza were minor and results are based on low numbers. These results are presented in [Table 4](#dyx149-T4){ref-type="table"}. Table 4Adjusted[^a^](#tblfn4){ref-type="table-fn"} hazard ratios (HRs) of encephalitis with associated 95% confidence intervals (CIs) for seasonal influenza as compared with influenza during the 2009 main pandemic wave (reference group), for different risk windows, using Cox proportional hazards regression based on the entire Norwegian population with follow-up in 2008--14Risk windowExposureEncephalitis casesAdjusted[^a^](#tblfn4){ref-type="table-fn"} HR (95% CI)0--7 daysInfluenzaPandemic[^b^](#tblfn5){ref-type="table-fn"}41Seasonal[^c^](#tblfn6){ref-type="table-fn"}141.3 (0.4--4.3)0--14 daysInfluenzaPandemic[^b^](#tblfn5){ref-type="table-fn"}41Seasonal[^c^](#tblfn6){ref-type="table-fn"}151.6 (0.5--4.9)0--30 daysInfluenzaPandemic[^b^](#tblfn5){ref-type="table-fn"}51Seasonal[^c^](#tblfn6){ref-type="table-fn"}212.2 (0.7--6.8)0--60 daysInfluenzaPandemic[^b^](#tblfn5){ref-type="table-fn"}81Seasonal[^c^](#tblfn6){ref-type="table-fn"}251.3 (0.6--3.1)0--90 daysInfluenzaPandemic[^b^](#tblfn5){ref-type="table-fn"}81Seasonal[^c^](#tblfn6){ref-type="table-fn"}251.4 (0.6--3.2)0--180 daysInfluenzaPandemic[^b^](#tblfn5){ref-type="table-fn"}101Seasonal[^c^](#tblfn6){ref-type="table-fn"}371.4 (0.7--2.8)[^4][^5][^6]

Influenza during the 2009 main pandemic wave and A(H1N1)pdm09 vaccination
-------------------------------------------------------------------------

There was an increased risk of encephalitis after influenza during the 2009 main pandemic wave ([Table 5](#dyx149-T5){ref-type="table"}). The highest risk was shortly after the influenza diagnosis: adjusted HR, 7-day risk window: 30.0 (95% CI: 10.8--83.2). The A(H1N1)pdm09 vaccine was not associated with the risk of encephalitis in any risk windows: adjusted HR, 14-day risk window: 0.6 (95% CI: 0.2--2.1). There was no cases of encephalitis within the 7-day risk window after A(H1N1)pdm09 vaccination. Table 5Crude and adjusted[^a^](#tblfn7){ref-type="table-fn"} hazard ratios (HRs) of encephalitis, with associated 95% confidence intervals (CIs), for influenza during the 2009 main pandemic wave (pandemic influenza) and A(H1N1)pdm09 vaccine, respectively, for different risk windows, using Cox proportional hazards regression based on the Norwegian population with follow-up in 2008--14Risk windowExposureEncephalitis casesCrude HR (95% CI)Adjusted[^a^](#tblfn7){ref-type="table-fn"} HR (95% CI)0--7 daysPandemic influenzaNo278511Yes430.2 (10.9--83.7)30.0 (10.8--83.2)A(H1N1)pdm09 vaccineNo278911Yes00.00 (---)0.00 (---)0--14 daysPandemic influenzaNo278511Yes414.0 (5.1--38.9)14.0 (5.0--38.8)A(H1N1)pdm09 vaccineNo278611Yes30.63 (0.2--2.0)0.6 (0.2--2.1)0--30 daysPandemic influenzaNo278411Yes57.5 (3.0--18.8)7.5 (3.0--18.8)A(H1N1)pdm09 vaccineNo278111Yes80.7 (0.4--1.5)0.7 (0.4--1.6)0--60 daysPandemic influenzaNo278111Yes86.4 (3.1--13.2)6.4 (3.1--13.2)A(H1N1)pdm09 vaccineNo277011Yes190.9 (0.6--1.6)1.0 (0.6--1.6)0--90 daysPandemic influenzaNo278111Yes84.3 (2.1--8.8)4.3 (2.1--8.8)A(H1N1)pdm09 vaccineNo276111Yes280.9 (0.6--1.4)1.0 (0.6--1.5)0--180 daysPandemic influenzaNo277911Yes102.6 (1.4--5.0)2.6 (1.4--4.9)A(H1N1)pdm09 vaccineNo273611Yes530.8 (0.6--1.1)0.8 (0.6--1.1)[^7]

Discussion
==========

In this nationwide registry-based study from Norway, we found an increased risk of encephalitis after both seasonal and pandemic influenza. We found no differences in risk of encephalitis after the seasonal influenza compared with influenza during the 2009 main pandemic wave. There was no indication that the A(H1N1)pdm09 vaccination was associated with the risk of encephalitis.

Strengths and weaknesses
------------------------

A major strength of the current study was the availability of national health data from the entire Norwegian population of more than 5.2 million individuals, which minimize the risk of differential reporting and potential selection bias. By linking individual-level data from independent registries of primary care consultations and hospitalizations across the whole country, we had the unique opportunity to study the impact of influenza on the risk of encephalitis.

In Norway, the public health care system is financed through government funding, and all hospitalizations are free of charge. We believe that registration of encephalitis is likely to be complete since this is a serious condition that requires medical attention and is expected to be treated in hospitals. As hospitals are reimbursed through mandatory reporting to the NPR, it is probable that all cases of encephalitis are registered.

A major limitation of this study is the lack of data on microbial agents. These data are not available in national registries and it is not feasible to obtain them for a large study populations such as ours. However, a limited number of microbial agents are found in the Norwegian climate, and cultures of bacteria and a panel of 4--5 viruses are routinely investigated using polymerase chain reaction (PCR) in cerebrospinal fluid (CSF) \[herpes simplex virus 1,2 (HSV 1,2), varicella, enteroviruses\].[@dyx149-B3] We only had information on the ICD-10 diagnosis codes, in this registry-based study. Information on results from analysis of cerebrospinal fluid and neurological imaging were not available in national registries. Only a limited proportion of influenza episodes were confirmed by microbiology, and other respiratory viruses circulating at the same time may have been wrongly classified as influenza.[@dyx149-B3] About 2.6% of individuals with a clinical influenza diagnosis also had a laboratory-confirmed influenza. However, restricting our analyses to laboratory-confirmed influenza yielded results similar to results from the main analysis. Another weakness of the study is the under-reporting of influenza in primary care, as only those seeking a physician for their illness are registered. One motivation for employed adults to seek primary health care services is to obtain documentation and reimbursement for sick leave, whereas younger, older, and unemployed persons may seek primary health care services only when symptoms are severe. It has been estimated that around 30% of the Norwegian population had an influenza A (H1N1)pdm09 during the 2009 main pandemic wave,[@dyx149-B19] whereas less than 3% of the population were diagnosed with influenza by a primary care physician. The low number of consultations during the 2009 main pandemic wave can perhaps partly be explained by public advice given during the pandemic. Due to high demands on health clinics, people were advised not to seek medical help for influenza symptoms unless they were in need of urgent care or were at high risk of complications. Consequently, many people with influenza were incorrectly considered as unexposed in our analyses, which may have led to an underestimation of the effect of influenza in the current study.

Comparison with the literature
------------------------------

In accordance with results from other studies, we observed an association between influenza and risk of encephalitis.[@dyx149-B1]^,^[@dyx149-B4]^,^[@dyx149-B6]

An American population-based study of neurological manifestations in 2069 individuals with severe or fatal 2009 H1N1 cases reported encephalopathy/encephalitis as an adverse event (*N* = 29).[@dyx149-B1] In a Japanese study, risk of acute encephalopathy after the 2009 pandemic influenza was compared with seasonal influenza, and worse outcome was reported among patients 6 years of age or older after 2009 pandemic influenza (*N* = 10) than after seasonal influenza (*N* = 51).[@dyx149-B6] Another Japanese study showed that patients with influenza-associated encephalopathy caused by influenza A (H1N1) infection were older compared with patients with seasonal influenza (*N* = 8).[@dyx149-B7] In our study, we did not observe any differences in the risk of encephalitis after influenza during the 2009 main pandemic wave compared with seasonal influenza. The differences in our study compared with studies mentioned above may be explained by the considerably larger study sample size (684 172 individuals with influenza and 2793 cases with encephalitis) and the statistical methods used. By applying Cox proportional hazard regression, we were able to include influenza and A(H1N1)pdm09 vaccination as time-varying variables and adjust for the effects of sex and age.

A study from Belgium, based on a case report and summary of the literature review, did not find an elevated risk of acute encephalitis/disseminated encephalomyelitis after A(H1N1)pdm09 vaccine \[Pandemrix^®^ (GlaxoSmithKline)\], which was similar to our findings.[@dyx149-B14]

To our knowledge, studies on the association between influenza vaccination and risk of encephalopathy/encephalitis/encephalomyelitis have mainly been based on case reports or a very small study sample size.[@dyx149-B6]^,^[@dyx149-B7]^,^[@dyx149-B20] The risk of encephalitis has not been studied in large population-based studies. Access to national health registries and application of statistical methods taking the time aspects of influenza, A(H1N1)pdm09 vaccination, and diagnosis of encephalitis, into account have provided us with the unique possibility to study the occurrence of this rare disease following influenza and A(H1N1)pdm09 vaccination.

Conclusion
----------

This nationwide registry-based study supports that the risk of encephalitis was increased after seasonal influenza during 2008--14 and also after influenza during the 2009 main pandemic wave. We found no evidence of any difference in risk of encephalitis after seasonal influenza compared with influenza during the 2009 main pandemic wave. We did not observe any increased risk of encephalitis after the A(H1N1)pdm09 vaccine.

Supplementary Data
==================

[Supplementary data](#sup1){ref-type="supplementary-material"} are available at *IJE* online.
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Key Messages
------------

Influenza was associated with an increased risk of encephalitis.The A(H1N1)pdm09 vaccine was not associated with risk of encephalitis.We found no differences in risk of encephalitis after seasonal influenza compared with influenza during the 2009 main pandemic wave.
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Click here for additional data file.

[^1]: ^a^The 2009 main pandemic wave.

[^2]: ^a^All individuals included in the study period (2008--14).

[^3]: ^b^All individuals with an influenza episode during the study period 2008--14, regardless of influenza seasons.

[^4]: ^a^Adjustment for sex and year of birth (\<1980 or ≥1980).

[^5]: ^b^An influenza diagnosis during the 2009 main pandemic wave only.

[^6]: ^c^An influenza diagnosis in any influenza season except the 2009 main pandemic wave.

[^7]: ^a^Mutual adjustment for influenza during the 2009 main pandemic wave and A(H1N1)pdm09 vaccine in addition to sex and year of birth (\<1980 or ≥1980).
